US 6,316,859 Bl 



ROTATING ELECTRIC MACHINE 
BACKGROUND OF THE INVENTION 

The presem invention relates 10 a rotating eleciric 
machine such as a turbine generator. 

A cylindrical rotor of a rotating* electric machine such as 
a conventional turbine generator is provided with a magnetic 
winding, which excites ihe generator when the rotor receives 
a DC current from an exciting power source. 

The rotor is provided wilh a plurality of slots for inserting 
magnetic wiodings therein at equally spaced intervals in the 
circumferential direction thereof, and teeth are installed 
between the slots. Within each slot, the magnetic winding is 
disposed in layers and held. When the magnetic winding is 
energized, the temperature of the conductor may sometimes 
rise to not less than 1(0° C. Therefore, in order to prevent 
a decrease in the strength of a resin material for electric 
insulation, as in an example described in JP-A-60-190135 
and an example described in J P-A-9- 285052, a plurality of 
gas vent holes are provided in the magnetic winding in the 
lamination direction thereof and a gas, such as air and 
hydrogcD gas, is caused to flow through these holes, thereby 
cooling the conductor. In order to vent this gas in the radial 
direction of the rotor, gas vent holes with a size larger than 
those provided io the magnetic winding are formed in a 
creepage block for electric insulation and in wedges for 
fixing the magnetic winding and the creepage block. *I"he 
holes in the magnetic winding have a shape of an ellipse that 
is long in the axial direction of the rotor and, therefore, in 
order to cause the gas to flow with efficiency, a gas vent 
groove with a cross section of a circular arc or a rectangular 
cross section, is formed in a continuous shape in tbe axial 
direction of the rotor on the face of a creepage block abutting 
against the magnetic winding, thereby providing a passage 
of the cooling gas. Usually, this gas vent groove is simul- 
taneously machined (cut) wben a creepage block is cut from 
a glass- re in forced epoxy resin plate. 

Id a rotating electric machine such as a turbine generator, 
the operating temperature of a magnetic winding is apt to 
rise in association with Urge capacity design of the rotating 
machine, causing the problems of the necessity for improv- 
ing the cooling capacity aad the necessity for keeping the 
strength of a resin material for insulation. 

SUMMARY Of HIE INVENTION 

An object of the invention is to provide a rotating electric 
machine in which the cooling capacity is improved by 
increasing the width and depth of a gas vent groove formed 
in a creepage block. 

- Another object of the invention is to provide a rotating 
electric machine in which a fracture of a creepage block that 
is fabricated from a resin containing reinforcing fibers is 
prevented near the face of the creepage block abutting the 
magnetic winding. 

The present ioveniors have concentrated their energies on 
research in order to solve these problems. As a result, paying 
attention to the fact that when an attempt is made to improve 
the cooling capacity by increasing the width and depth of the 
gas vent groove, the area of the contact face between the 
creepage block and the magnetic winding decreases, result- 
ing in an increase in the pressure of the contact face between 
the creepage block and the magnetic winding due to a 
centrifugal force acting during rotation, and the fact that 
when the capacity of a rotating electric machine is increased, 
the amount of thermal expansion of the magnetic winding in 
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tbe axial direction of the rotor during rotation also tends to 
increase due to a rise in the temperature of the conductor by 
energization, the inventors found that high stress concentra- 
tion occurs near the face of the creepage block abutting 
against the magnetic winding, which abutting face is sub- 
jected to a shearing force in the transverse direction (the 
axial direction of the rotor) , while subjected to a high 
pressure (in the radial direction of the rotor). Furthermore, 
the inventors found the problem that in the glass- re in forced 
epoxy resin fabricated by laminating glass liber cloths in the 
plate thickness direction (the radial direction of the rotor), 
which epoxy resin has so far been used in the creepage 
block, reinforcing fibers near the face of the creepage block 
abutting against the magnetic winding are «il during the 
forming of the gas vent groove from a flat laminate (a sheet 
material) by machining (cutting) in the plate thickness 
direction and a slip occurs on an inter layer slip face of the 
laminate (the face that is sandwiched between reinforcing 
fibers and is mainly composed of a resin susceptible to a 
shearing force) in a portion where stresses are concentrated, 
with the result that the creepage block is fractured near its 
face abutting against the magnetic winding. 

'I "he above problems are solved, for example, to by- 
providing rotating eleciric machines having the following 
constituent features. 

In an example, in a creepage block of a rotating eleciric 
machine fabricated from a resin material containing rein- 
forcing fibers, the reinforcing fibers, which are expressed by 
drawn lines in which fine patterns of fibers, such as twists, 
capable of being identified by enlargement are omitted, are 
continuously disposed to form straight lines and smooth 
curves along the contour of a gas vent groove. According to 
this example, during a slip of the interlaycr slip face present 
hetween the reinforcing fibers that occurs due to a shearing 
force in the axial direction of a rotor which acts on the 
creepage block due to a temperature change of the rotor, the 
slip area is larger than the iuterlayer slip area in a case where 
the reinforcing fibers expressed by drawn tines are cut near 
the machined gas vent groove, are straight lines, and are 
disposed parallel to a tangent to the circumference of the 
rotor in the middle of the width of the face abutting against 
the magnetic winding (a case where a normal of the inter- 
layer slip face is perpendicular to the center line of the rotor). 
In this case, therefore, the shearing force per slip area 
decreases, thereby making it possible to prevent a slip 
fracture between the rein forcing-fiber layers. 

In another example, in a creepage block of a rotating 
eleciric machine fabricated from a resin material containing 
reinforcing fibers, drawn lines of an interlayer slip face on 
a cut section, which drawn lines are expressed by omitting 
fine patterns on the interlayer slip face capable of being 
identified by enlargement, such as wrinkles, arc continu- 
ously disposed to form straight lines and smooth curves 
along the contour of the gas vent groove. According to this 
example, during a slip of the interlayer slip face present 
between the reinforcing fibers that occurs due to a shearing 
force in the axial direction of a rotor which acts on Ihe 
creepage block due io a temperature change of the rotor, the 
slip area is larger than the slip area in a case where the drawn 
lines of interlayer slip faces on the cut section arc straight 
lines near the machined gas vent groove and are disposed 
parallel to a tangent to the circumference of the rotor in the 
middle of the width of the face abutting against ihe magnetic 
winding. In this case, therefore, the shearing force per slip 
area decreases, thereby making it possible to prevent a slip 
fracture between the re in forcing- fiber layers. 

In another example, a plurality of prepreg sheets, in which 
an unset resin material is caused to be contained in rein- 
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forcing fibers which have been woven beforehand, are 
slacked in layers, and a creepage block of a rotating electric 
machine is formed by sandwichiog these prepreg sheets 
stacked in layers between a Hat press plate and a press plale 
having projections fining the shape of gas vent groove. 
According to this example, near the gas vent groove, the 
interlayer slip face of the laminate, which slips due to a 
shearing force in the axial direction of the rotor which acts 
on the creepage block due to a temperature change of the 
rotor, is composed of flat and curved surfaces and the area 
of the slip face is larger than the area of the interlayer slip 
face of a laminate in a case where the reinforcing fibers arc 
cut near the machined gas vent groove and the interlayer slip 
face is a flat surface and is disposed parallel to a tangent to 
the circumference of the rotor in the middle of the width of 
the face abutting against the magnetic winding. In this case, 
therefore, the shearing force per slip area decreases, thereby 
making it possible to prevent a slip fracture between the 
reinforcing- fiber layers. 

In this case, even if microdefor ma lions remain in the 
creepage block after forming and setting due to the asym- 
metry of the lamination structure and press working 
conditions, t be creepage block slips on contact faces, includ- 
ing the face abutting against the magnetic winding, while 
being deforming by adapting to loads acting during the 
assembling and operation of a rotating electric machine and, 
therefore, variations io the expansion and contraction of the 
magnetic winding among the slots due to a tempera lure 
change of the rotor has little effect on the generation of 
vibrations. 

In another example, the gas vent groove of a creepage 
block of a rotating electric machine is formed by being 
sandwiched between a flat press plale and a press plate 
having a groove capable of being attached and detached. 
According to this example, a change in the shape of the gas 
vent groove can be coped with by replacing the groove alone 
and, therefore, it is possible to provide at a low cost a 
creepage block in which a slip fracture between tbe 
reinforcing- fiber layers can be prevented by decreasing the 
shearing force per interlayer slip arca. 

In another example, the reinforcing fibers of a creepage 
block of a rotating electric machine are cut beforehand io the 
longitudinal direction of a gas vent groove. According to this 
example, ihc deformation resistance of the reinforcing fibers 
decreases and the reinforcing fibers can be freely bcni. 
Therefore, even in a case where the depth of the gas vent 
groove is to be increased and in a case where high-rigidity 
reinforcing fibers are used, the gas vent groove can be 
formed by means of press plates and it is possible to provide 
a creepage block in which a slip fracture between ihe 
rcinforcing-fibcr layers is prevented by forming the flat and 
curved surfaces of the reinforcing fibers near the gas vent 
groove, thereby increasing the slip area between the rein- 
forcing fibers and reducing the shearing force per interlayer 
slip area. 

In another example, in a case where the reinforcing fibers 
near a gas vent groove of a creepage block of a rota ling 
electric machine are cut by machining and the reinforcing 
fibers expressed by drawn lines in which fine patterns of 
fibers, such as twists, capable of being identified by enlarge - 
meni are omitted, are straight lines and are disposed parallel 
to a tangent lo the circumference of the rotor in the middle 
of the width of the face abutting against ihe magnetic 
wiading, a sheet is bonded to an outer surface of the 
creepage block containing ihc machined face. According lo 
this example, an interlayer slip between the reinforcing 
libers can be prevented with the aid of the shearing and 



elongation deformation resisiance of ihe sheet, as a result of 
which a slip fracture between the re in forcing-fiber layers can 
be prevented. Furthermore, by selecting a sheet that has 
small variations in the friction coefficient atnung members to 
5 which the sheet is in comaci (for example, a nomex sheei), 
it is possible to suppress vibralions which might be caused 
by variations in the expansion ami contraction of the mag- 
netic winding among the slots due to a temperature change 
of the rotor. 

jq In another example, near a gas vent groove of a creepage 
clock of a rotating electric machine, shorl-cul reinforcing 
fibers are oriented without a specific direction and there is no 
conlinuous interlayer slip face in a long range in the direc- 
tion in which a shearing force acts. In this example, at the 

15 same time, there are many inierlayer slip faces between the 
reinforcing fibers in a short range in which a normal is not 
vertical to the center axis of the rotor. According io this 
example, the area of ihe interlayer slip face in a short range 
can be increased, with the result that the shearing force per 

o 0 unit interlayer slip area near the gas vent groove decreases, 
making it possible lo prevent a slip fracture between the 
reinforcing fibers. Furthermore, existing interlayer slip faces 
do not have continuity and, therefore, a slip of an interlayer 
slip face oriented in the direction in which a shearing force 

, s acts canuot continuously propagate to another interlayer slip 
face, with the result thai tbe shearing force near ihe gas vent 
groove increases. 

In another example, a creepage block of a rotaling electric 
machine has one or more air vent holes thai pierce in the 

»Q plate thickness direction, and this air veni hole and ihe air 
vent groove are disposed so that both communicate with 
each oiher. According lo this example, a stream of gas that 
cools the magnetic-winding conductor of rotor can be 
caused to pass lo outside the rotor without being prevented 

*5 from Cowing. Furthermore, even, in a case where Ihe gas 
vent hole is disposed by machining and the reinforcing fibers 
are cut, by ensuring that tbe center of the gas vent hole is on 
tbe center line of the gas vent groove and thai ihe widih of 
the gas vent groove is larger than thai of ihe gas vent hole, 

40 the interlayer slip face between ihe reinforcing fibers near 
the gas vent hole is made larger than thai near the gas vent 
groove. In this example, therefore, the shearing force per 
interlayer slip area near the gas vent hole is smaller ihan that 
near the gas vent groove and the interlayer slip resistance is 

45 high near the gas vent hole. 

In another example, a creepage block of a rotating electric 
machine has a pluraliiy of pins pressed therein and anchored 
thereto in ihe plate thickness direction of the creepage block 
io places not containing the gas vent hole. According lo ihis 

50 example, the pins prevent a lip of interlayer slip faces 
between the reinforcing fibers thai might occur due to a 
sheariog force in the axial direction of the roior which acts 
on the creepage block due to a temperature change of the 
rotor, with the resull that a slip fracture between the reui- 

55 forcing fiber-layers can be prevenled. Especially, near the 
gas vent groove and gas veni hole where the reinforcing 
fibers are cut by machining, a slip fracture between 
rcinforcing-fibcr layers can be prevented by beforehand 
pressing pins into the creepage block and anchoring I be pins 

60 thereto as required. 

In another example, a creepage block of a rotating electric 
machine is fabricated from a laminate of a plurality ol 
prepreg sheets obtained by weaving reinforcing fibers con- 
taining an unset resin in fabric form. In this creepage block, 

65 after being stacked in layers the prepreg sheets arc sewn 
together in ihe lamination direction with reinforcing libers in 
the region nol containing ihe gas vent hole. According lo this 
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example, itae reinforcing fibers sewn logeiher prevent a lip 
of inierlayer slip faces between ihe reinforcing fibers ihai 
occurs due lo a shearing force in ihc axial direction of the 
rotor which acts on the crccpagc block due to a temperature 
change of the rotor, with Ihe result that a slip fracture 
between the reinforcing fiber-layers can be prevented. 
Especially, near the gas vent groove and gas vent hole where 
the reinforcing fibers are cut by machining, a slip fracture 
between rein forcing-fiber layers can be prevented by before- 
hand sewing Ibis portion with reinforcing fibers as required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a rotating electric machine 
in one embodiment of the present invention, 

FIG. 2 is a sectional view of a rotor in the one embodi- 
ment of the present inventioo, 

FIG. 3 is an enlarged view of a rotor in the one embodi- 
ment of the present invention, 

M(S. 4 is a perspective view of press plates for forming a 
crccpagc block in the one embodiment of the present 
invention, 

FIG. 5 is a perspective view of a crccpagc block in the one 
embodiment of the present invention, 

FIG. 6 is a perspective view of a press plate for forming 
a crccpagc block in the one embodiment of the present 
invention, 

FIG. 7 is a perspective view of prcprcg sheets for forming 
a creepage block in the one embodiment of Ihe present 
invent ion, 

FIG. 8 is a perspective view of a creepage block in Ihe one 
embodiment of the present invention, 

FIG. 9 is a perspective view of a crccpagc block in the one 
embodiment of the present invention, 

FIG. 10 is a perspective view of preprcg sheets for 
forming a creepage block in ihc one embodiment of the 
present invention, 

FIG. 11 is a perspective view of a crccpagc block in the 
one embodiment of the presenl invention, 

FIG. 12 is a perspective view of prepreg sheets for 
forming a creepage block in the one embodiment the present 
invention, 

FIG! 13 is a perspective view of a creepage block in the 
one embodiment of the presenl invention, 

FIG. 14 is a perspective view of a creepage block in the 
one embodiment of the presenl invention, 

FIG. 15 is a perspective view of a creepage block in the 
one embodiment of the presenl invention, 

FIG. 16 is a perspective view of a creepage block io one 
embodiment of the present invention, 

FKi. 17 is a perspective view of a creepage block in the 
one embodiment of the present invention, 

FIG. 18 is a partially enlarged perspective view of a 
creepage block in the one embodiment of the present 
invention, 

FIG. 19 is a partially enlarged sectional view of a creep- 
age block in the one embodiment of ihe present invention, 

FIG. 20 is a sectional view of a rotor in ihe one embodi- 
ment of the present invention, 

FIG. 21 is a perspective view of press plates for forming 
a creepage block in the one embodiment of the presenl 
invention, 

FIG. 22 is a perspective view of a creepage block in ihe 
one embodiment of the presenl invention, and 
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FIG. 23 is a perspective view of prepreg sheets for 
forming a creepage block in the one embodiment of the 
present invention. 

^ DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 

1 "he presenl invention is explained in detail below on the 
basis of cmbodimcois shown in tbc drawings. 

I'Ki. 1 is a perspective view of a rotating electric machine. 

10 A rotor 1 has a shape of a cylinder, and is installed in the 
interior of a stator frame 2 via bearings 3 in two places. FIG. 
2 is a sectional view of the rotor J. The section of the rotor 
1 in the axial direction thereof is circular, and slols 5 in 
which a magnetic winding 4 each is disposed are formed at 
equally spaced intervals on the circumference of the rotor 1. 
Members like the teeth of a comb constituting the slots 5 are 
called teeth 5. The rotor 1 has two or four magnctic-polc 
portions in which no slot 5 is formed. In the slol 5, a wedge 
8 is inserted in the leetb 6 of the rotor 1 so that the magnetic 

20 winding 4 does not run oul in ihe radial direction due io a 
centrifugal force during rotation. 

An enlarged view of FIG. 2 is shown in FIG. 3. Whhin 
each of the slots 5 that are separated by the teeth 6, there is 

, s provided a plate made of resin for electric insulation called 
a slot armor 9. "Ilie magnetic winding 4 each has a section 
of a rectangle and is laminated in ihc radial direction 
alternately with an inierlayer insulator 10. A plurality of 
creepage blocks 11 for electric insulation, which are 

, 0 installed continuously on ihe magnetic winding 4, abul 
against ihe magnetic winding 4 on the extreme circumfer- 
ence and this magnetic winding 4 is made lo wiihstand 
against a centrifugal force in the radial direction during 
rotation by a plurality of wedges 8 which are supported by 

^ the teeth 6 and, which are installed continuously on the 
creepage block 11. The magnetic winding 4 and the inier- 
layer insulator 10 have a plurality of radially through 
magnetic- winding gas vent holes, which are formed by 
punching, and the creepage block 11 is provided with an 

40 axial gas vent groove 12 and a gas vent hole 13, which bole 
is not shown in the figure, for venling the flow of cooling air, 
which has passed through the above gas vent holes, to the 
outside in the radial direction. The wedge 8 is also provided 
with a plurality of gas vent holes communicating with Ihe 

4 ^ creepage block 11, which are formed for the same purpose. 

EXAMPLE 1 

FIG. 4 is a perspective view of resin-material layers 
constituting a crccpagc block and a forming press jig. The 

50 creepage block is formed by stacking a plurality of prepreg 
sheels in layers, which prepreg sheets are obtained by 
causing a seuii-set cpoxy resin to be contained in clothes 
woven so that glass fibers inlersect al right angles, and by 
pressing the prepreg sheets under heat by means of press 

55 plates 15 to form a laminate. In this example, the press plate 
15 that abuis against Ihc face of the crccpagc block on the 
side abutting against the magnetic winding is provided with 
a projection 16 filling in the shape of the gas vem groove. 
The projection 16 has its longitudinal direction in Ihe axial 

60 direction of ihe rotor, and in a case where a plurality of gas 
vent grooves are formed in one slot, the interval L of tbc gas 
vent grooves is equal to the interval Lot projections on the 
press plate 15. 

FIO. 5 shows, a perspective view of a creepage block 11 

65 which is formed as this example and whose gas vent holes 
are nol shown in the figure. On the cut section 29 intersect- 
ing a l right angles lo gas vent groove 12, reinforcing fibers 



US 6,316,859 Bl 



8 



30 each having a continuous length appear, and in l he 
prepreg sheet ihe fibers are noi cui and have a continuous 
form even near the gas vent groove 12. In the case of a gas 
vent groove wilh a cross section of a circular arc in which 
stress concentration is small, if is preferred that the depth of 
the gas vent groove 12 be noi more than Vi or so of the plate 
thickness of the c re e page block II. According to this 
example, near ibe face of the crcepage block abutting against 
the raagDClic winding, a tangent 31 of a drawn line of 
reinforcing fiber has an inclination with respect to a tangent 
33 on the circumference of the rotor in the midpoint 32 of 
the abutting face and, at the same lime, the reinforcing fiber 
30 has a continuous form. In this example, therefore, the 
area of an interlayer slip face 34 is larger than a conventional 
groove formed by machining in which a tangent of a drawn 
line of rcinforciag fiber docs not have an inclination with 
respect to the tangent 33 on the circumference of the rotor 
in the midpoint 32 of the abutting face, with the result thai 
the shearing force per slip area decreases, thereby preventing 
an interlayer slip fracture between the reinforcing fibers and 
ensuring the reliability of a rotating electric machine. 

EXAMPLE 2 

Another example of the present invention is explained by 
illustration below. FIG. 6 is a perspective view of a press 
plate of another type. Jn this example, a projection 18 
forming a gas vent groove can be attached to a press base 
plate 17 and detached from h. Working a projection before- 
hand in the press plate of creepage block causes an increase 
in cost. According to this example, the press base plate 17 
with a filling groove worked therein and a groove seciion 18 
can be separately worked in a fiat plaie material and, 
iheTefoie, the cos\ of working decreases substantially. 
Furlhermore, when a different groove depth of gas vent 
groove is required, this can be met by replacing the groove 
seciion 18 alone. In order to prevent a resin from flowing 
into a gap between the groove section IX and the filling 
groove oV press base plate 17, corners of the gas vent groove 
can be smoothly worked by laying, for example, a fluoro- 
plastic sheet 19 to which a parting agent is applied in a thin 
layer and, i he re fore, deburring becomes unnecessary. 

EXAMPLE 3 

Another example of the preseol invention is explained by 
illustration below. FIG. 7 is a perspective view of prepreg 
sheets. In this example, a plurality of prepreg sheets 14 on 
the side at which a gas vent groove is to be formed are cut 
in a position corresponding to about V2 of the widib of the 
creepage block in the direction of the gas vent groove. FIGS. 
S and 9 each show a perspective view of a creepage block, 
respectively, in a case where one gas vent groove 12 is 
formed and a case where two gas vent grooves 12 are 
formed. On a cut section that intersects the gas vent groove 
12 a 1 righl angles appear reinforcing fibers each having a 
continuous length. Therefore, according to this example, 
even when the bending stiffness of the reinforcing fibers 
constituting the prepreg sheet 14 is high, the fibers becurne 
apt to bend freely along the gas vent groove 12. 
Furthermore, near the face abutting agaiust the magnetic 
winding where fraclure strength poses a problem, an orien- 
tation of the reinforcing fibers is obtained in such a manner 
that a tangent of reinforcing fiber has an inclination with 
respeci to a tangent to the circumference of the rotor at the 
midpoint of the abu.it ing face. In this case, therefore, the 
inlerlayer slip area is larger than in a case where a gas vent 
groove is formed by performing recessing by mere machin- 
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ing so lhal a tangenl of reinforcing fiber has no inclination 
wilh respect to a tangenl to the circumference of the rotor ai 
ibe midpoint of the abutting face. As a result, ihc shearing 
force per slip area decreases, 1 hereby making ii possible to 

5 prevent an interlayer slip fracture between the reinforcing 
fibers. Furlhermore, because a shearing force near the face 
abutiing againsi ihe magnetic winding increases, it is pos- 
sible to improve the cooling capacity by reducing the size of 
Ihc width of the abutting face and increasing the width and 

to depih of the gas vent groove. 

EXAMPLE 4 

Another example of the present invention is explained by 
illustration below. FIG. 10 is a perspective view of prepreg 
sheets, la this example, a plurality of prepreg sheets 14 on 
tbe side at which a gas vent groove is to be formed are cut 
in iwo positions each corresponding 10 about V:. of the width 
of the creepage block in the direction of the gas vent groove. 
FIG. 11 is a perspective view of a creepage block having two 
gas vent grooves 12 fabricated from these prepreg sheets. 
According to this example, even when the bending stiffness 
of Ihe reinforcing fibers constituting the prepreg sheet 14 is 
high, the fibers become apt to bend freely along Ihc gas vent 
groove 12. Near ihe face abutting againsi ihe magnetic 
winding where fraclure strength poses a problem, there 
appear continuous reinforcing fibers, which have an incli- 
nation with respeci 10 a tangent to Ihe circumference of the 
rotor at the midpoint of llie abutting face. In this case, 
therefore, the interlayer slip area is larger than in a case 
where a gas vent groove is formed by performing recessing 
by mere machining so that the reinforcing fibers have no 
inclination with respect to a tangenl 10 ibe circumference of 
ibe rotor at the midpoint of the abutting face. As a resull, the 
shearing force per slip area decreases, thereby making il 
possible to prevent an interlayer slip fracture between the 
reinforcing fibers. Furlhermore, because the reinforcing 
fibers enter also a portion between the two gas vent grooves 
in a bent shape wilh an inclination with respect 10 a tangent 
to ihc circumference of the rotor at the midpoint of the 
abutting face, the interlayer slip area increases also in this 
poriion. As a result, ihe shearing force per slip area 
decreases, thereby making it possible to prevent an ioter- 
layer slip fracture between the reinforcing fibers. 

" 5 EXAMPLE 5 

Another example of the present invention is explained by 
illustration he low. FIG. 12 is a perspective view of prepreg 
sheets 14 slacked in layers. FIG. 13 is a perspective view of 

50 a creepage block 11 obtained by the forming of the laminate 
under heal by means of two Hal press plates to form a 
laminate. FIG. 14 is a perspective view of a creepage block 
11. In this example, gas vent grooves are formed by machin- 
ing. When a gas vent groove is cut by means of a cutler 20 

55 as in a creepage block obtained by a conventional technique, 
a part of the laminated reinforcing -fiber layers is cut near the 
gas vent groove. FIG. 15 is a perspective view of a creepage 
block. In this example, a sheet 21 containing reinforcing 
fibers is bonded to the face of the creepage block, worked by 

60 cutting in FIG. 14, which abuts against ibe magnetic wind- 
ing and to the face where ihe gas vent grooves are worked. 
As the sheei 21, it is preferred lo use a sheet in which short 
glass fiber is dispersed in a thin c poxy- resin film, for 
example, a noraex sheei, an interlayer insulating material, 

65 etc. According to this example, a slip of an interlayer slip 
face 32 of a laminate which contains ihe reinforcing fibers 
cut by machining is prevented by ihe shearing and clonga- 
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lion de forma I ion resistance of ihe sheet 21, There lore, the 
shearing strength in a portion where stresses are concen- 
trated near the face abutting against the magnetic winding 
increases, thereby making it possible to prevent the occur- 
rence of a surface crack and a fracture, such as an inter layer 
slip. Furthermore, a nomex sheet has the feature that varia- 
tions in the friction coefficient among magnetic windings are 
small and, therefore, the thermal elongation force of mag- 
netic winding does not vary among the slots. As a result, 
variations in the bending moment with respect to a rotating 
shaft can be held to a small level, producing the eQeel that 
shaft vibrations during rotation are reduced. 

EXAMPLE 6 

Another example of the present invention is explained by 
illustration. FIG. 16 is a perspective view of a creepage 
block 11. In this example, a gas vent groove 12 of the 
creepage block II is integrally formed by press working so 
thai the reinforcing fibers show a cootinuous form around 
the gas vent groove 12, as shown in FIG. 5. A sheet 21, for 
example, a nomex sheet is bonded lo this creepage block 
during or after forming. According to this example, due lo 
ihe existence of the continuous reinforcing fibers, ihe shear- 
ing strength near the face of the gas venl groove 12 against 
the magnetic winding is increased by the addition of the 
nomex sheet and, at the same lime, variations both in the 
friction coefficient among the magnetic windings and in the 
amount of thermal elongation of magnetic winding among 
the slots decrease, with the result that the occurrence of shaft 
vibrations can be suppressed and the reliability of a rotating 
electric machine is improved. Incidentally, by bonding a 
nomex sheet to places of ihe creepage block other than the 
place shown in FIGS. 15 and 16, the larninaic can be 
reinforced against an inierlayer slip and variations in the 
friction coefficient can be reduced, thereby producing a 
further effect on an increase in the strength of the creepage 
block and on the suppression of shaft vibrations of the rotor. 

EXAMPLE 7 

Another example of the present invention is explained by 
illustration. FIG. 17 is a perspective view of a creepage 
block. In this example, during Ihe forming of a laminate of 
prcpreg sheets under heat and pressure, a resin material 22 
with which reinforcing fiber of short glass fiber, etc. are 
mixed or a heat-resistant resin, such as PEEK (polyelher 
ether ketone), is integrally formed under heal and pressure, 
whereby a gas vent groove 12 is machined in the portion of 
resin material 22. According to this example, the inierlayer 
slip strength of this portion is not reduced by the working of 
the gas vent groove, thereby eliminating the need for the step 
of bonding a nomex sheet after the formation of the gas vent 
groove. In other words, the region near the face of the gas 
vent groove 12 abutting against the magnetic winding is 
reinforced by short fibers which arc irregularly oriented, 
and, in the direction in which a shearing force in the axial 
direction of the rotor acts, slip faces between short fibers are 
irregularly oriented and there is no continuous interlayer slip 
face. Therefore, the slip resistance in this example is higher 
than the inierlayer slip resistance between reinforcing fibers 
peculiar lo a laminate of prepreg sheets in which, for 
example, reinforcing fibers are woven in fabric form and an 
unset resin is caused lo be contained. 

EXAMPLE 8 

Another example of the present invent ion is explained by 
illustration. FIG. 18 is a partially enlarged perspective view 
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of a creepage block 11 containing one gas vent hole, as 
viewed from the side at which the creepage block abuts 
against a magnetic winding. FIG. 19 is a sectional view 
taken on line A — A of FIG. 18, which passes the center of 
a has vent groove 12 at left. FIG. 20 is a sectional view of 
ihe rotor in ihe axial direction, which passes the center of the 
gas venl hole 13 and contains a plurality of gas venl holes. 
In FIG. 18, the creepage block 11 has a gas vent hole 13 that 
communicates with a gas vent hole of a wedge. Furthermore, 
a gas venl groove 12 thai communicates with a magnetic- 
winding gas vent hole made in a magnetic winding is formed 
with a certain inclination toward the gas vent hole 13. In 
IK J. 19 which is a sectional view taken on line A — A of l : l(J. 
J 8, a portion C , which is enclosed with an assumed 
extension face B of the maximum depth of the gas vent 
groove in the axial direction of the rotor and with the surface 
of the groove 12, exists and, therefore, even when the middle 
portion D of Ihe creepage block shown in FIG. 18 is 
subjected to a shearing force in the axial direction of the 
rotor, damage can be prevented by the reinforcement effect 
of portion C to prevent an inierlayer slip. In FIG. 20, a 
stream of cooling gas 24 which has passed a magnetic- 
winding gas vent hole 23 made in the magnetic winding 4 in 
the radial direction of ihe rotor can pass through the gas vent 
holes 13 of the creepage block 11 and wedge 8 without being 
preventing from flowing. 

LXAMPLE 9 

Another example of the present invention is explained by 
illustration. FIG. 21 is a perspective view of a press plale for 
pressing a creepage block. In this example, one flat press 
plale 17 is provided with a plurality of holes 25 in the 
positions that sandwich a projection 16 disposed on an 
opposed press plate 15. In addition, there are provided the 
same number of pins 26 to be engaged into the holes 25 as 
!bc number of the holes 25. During the pressing of a plurality 
of prepreg sheeis slacked in layers between the two press 
plates 15 which are opposed lo each other, the pins 26 are 
pressed in under pressure from the holes 25 so that the pins 
26 penetrate a pan or all of the prepreg sheets. The pins 26 
and the prepreg sheets are heated and pressed and the pins 
26 become anchored to the prepreg sheets. FIG. 22 is a 
perspective view of a creepage block 11 formed in this siep. 
The pin 26 may be fabricated from a resin material having 
longitudinally continuous reinforcing fibers or discontinu- 
ous reinforcing fibers, for example, continuous glass fibers, 
or may be a metal body coaled wiih an electric insulator. In 
a case where the creepage block II is mounted on the rotor 
by means of this pin 26 and subjected to a shearing force in 
Ihe axial direction, ihe pin 26 prevents a slip fracture near the 
face of the gas vent groove 12 abutting against ihe magnetic 
winding where stresses are concentrated, and . is further 
e fleet ive in preventing a slip of an inierlayer slip face of a 
re in forcing- fiber layer 27. FIG. 22 shows a case where the 
step of heating and pressing is performed after the portion 
near ihe middle of the prepreg sheet on the side of the gas 
venl groove is cut in ihe axial direction of the rotor before- 
hand. However, this example can also be applied lo a case 
where a creepage block is formed from uncut prepreg sheeis 
and a case where ihe gas vent groove 12 is formed by 
machining. Further, by installing the pin in places other than 
the position of the gas vent hole, it is also possible to prevent 
an inierlayer slip between the reinforcing fibers of the 
creepage block. 

EXAMPLE 10 
Another example of the present invention is explained by 
il lustration. FIG. 23 is a perspective view of prepreg sheel4 
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14. In ih is example, prepreg sheets 14 which are slacked in 
layer beforehand are «wn together in the lamination direc- 
tion with reinforcing fibers, for example, glass libers to 
thereby provide reinforcement against a slip between (he 
prepreg sheets. A creepage block formed by this method 
provides increased resistance against an inter layer slip 
between the reinforcing fibers, resulting an increase in 
shearing strength. 

In ali the above em hod intents of the invention, explana- 
tions were made of the cases where the lamination faces of 
the reinforcing fibers of the creepage block 11 are parallel to 
the face of the creepage block abutting the magnetic winding 
and, at the same time, the weave patterns of the reinforcing 
fibers arc at right angles and parallel to the longitudinal 
direction of the gas vent groove. However, the weave 
patterns of the reinforcing fibers may not be at right angles 
and parallel to the longitudinal direction of the gas vent 
groove. Further, when the air vent groove is formed by 
machining, the lamination faces of the reinforcing fibers 
may not be parallel to the face of the creepage block abutting 
the magnetic winding. For example, in a case where the 
laminatioD faces of the reinforcing fibers are vertical to the 
face of the creepage block abutting the magnetic winding 
and are, at the same time, parallel to the axial direction of the 
rotor, the reinforcing fibers near the face abutting the mag. 
netic winding are vertical to the face abutting the magnetic 
winding and arc, at the same time, oriented parallel to the 
direction of a shearing force. In this case, therefore, the 
inlerlayer slip area between the reinforcing fibers subjected 
to a shearing force acting in the axial direction of the rotor 
increases and the shearing force per slip face area decreases. 
Turthermore, also in a case where the lamination faces are 
vertical to the axial direction of the rotor, the interlayer slip 
faces become vertical to the direction of a shearing force. In 
this case, therefore, the interlayer slip area increases and the 
shearing force per slip face area decreases. Accordingly, in 
any of these cases, a slip fracture between the reinforcing 
fibers can be prevented, with the result that the reliability of 
a rotating electric machine can be improved. 

According to the present invention, it is possible lo 
manufacture a rotating electric machine with improved 
cooling capacity and reliability. 

What is claimed is: 

1. A rotating electric machine comprising a stator frame, 
a rotor installed in said stator frame via a bearing, a slot 
formed on said rotor to have an opening on an external 
peripheral surface of said rotor, a magnetic winding dis- 
posed within said slot, and a creepage block fabricated from 
a resin material containing reinforcing libers, said creepage 
block abutting against said magnetic winding and being 
supported in the region of said opening, 

wherein said creepage block contains a gas vent groove 
formed so that the axial direction of said rotor becomes 
the longitudinal direction of said gas vent groove, and 
wherein said reinforcing libers are disposed so that at 
least one of tangents to draw lines of said reinforcing 
fibers, which appear on a cut section of said creepage 
block intersecting the axial direction of said rotor, has 
an inclination with respect to a tangent to the circum- 
ference of said cut section at the midpoint of the width 
of the creepage block abutting against said magnetic 
winding on si id cut face. 

2. A routing electric machine comprising a stator frame, 
a rotor installed in said stator frame via a bearing, a slot 
formed on said rotor to have an opening on an external 
peripheral surface of said rotor, a magnetic winding tils- 
posed within said slot, and a creepage block fabricated from 
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a resin material containing reinforcing fibers, said creepage 
block abutting against said magnetic winding ami being 
supported in the region of said opening, wherein said 
creepage block contains a gas vent groove formed so that the 
5 axial direction of said rotor becomes the longitudinal direc- 
tion of said gas vent groove, 

wherein said creepage block is formed from a laminate of 
a resin material containing said reinforcing fibers, and 
wherein said laminate is formed so that at least one of 
1Q tangents to inlerlayer slip faces of said laminate, which 
are present on a cut section of said creepage block 
intersecting the axial direction of said rotor, has an 
inclination with respect to a tangent to the circumfer- 
ence of said cut section at the midpoint of the width of 
the creepage block abutting against said magnetic 
15 winding on said cut face. 

3. A rotating electric machine according to claims 1 or 2, 
wherein, in a process for obtaining said creepage block by 
sandwiching a laminate comprising a plurality of prepreg 
sheets stacked in layers between press plates, by compress- 
20 ingsaid laminate in the lamination direction, and by causing 
said laminate to sel, said reinforcing fibers being woven in 
cloth form beforehand and an unset resin material being 
caused to be contained in said reinforcing fibers, one of said 
press plates has a continuous projection. 
25 4. A rotating electric machine according to claim 3, 
wherein said creepage block is formed between said press 
plates, one of said press plates having a continuous projec- 
tion capable of being attached thereto and detached there- 
from. 

30 5. A rotating electric machine according to claim 3, 
wherein said creepage block is fabricated from a plurality of 
prepreg sheets selected from of said laminated multiple 
prepreg sheets, including a prepreg sheet in contact with said 
projection, said selected plurality of prepreg sheets being 

35 beforehand cut in the longitudinal direction of said projec- 
tion. 

6. A rotating electric machine comprising a stator frame, 
a rotor installed in said stator frame via a bearing, a slot 
formed oo said rotor to have an opening on an external 
40 peripheral surface of said rotor, a magnetic winding dis- 
posed within said slot, and a creepage block fabricated from 
a resin material containing reinforcing fibers, said creepage 
block abutting against said magnetic winding and being 
supported in the region of said opening, wherein said 
45 creepage block contains a gas vent groove formed so that the 
axial direction of said rotor becomes the longitudinal direc- 
tion of said gas vent groove, 

wherein said gas vent groove of said creepage block is 
formed by machining after the forming and selling of a 
50 resin materia I containing reinforcing fibers, and 
wherein after the machining of said gas vent groove, a 
sheet is bonded to an outer surface of said creepage 
block containing, at least, the surface of said gas vent 
groove . 

55 7. A rotating electric machine according to claim 6, 
wherein, aficr the simultaneous compression in the lamina- 
tion direction, forming and setting of a rcinforcing-fibcr- 
containing resin material from which said gas vent groove of 
said creepage block is fabricated and a laminate which is 

60 obtained by laminating a plurality of said prepreg sheets, 
said gas vent groove of said creepage block is formed by 
machining in said resin maierial. 

A rotating electric machine according, to any one of 
claims 1 to 7, wherein said creepage block has one or more 

05 gas vent holes that pierce in the plate thickness direction and 
wherein said gas vent groove and said gas vent hole are 
disposed so that both communicate with each other. 



